Introduction: The effect of a history of competitive sports on later use of alcohol and occurrence of alcohol-related diseases is poorly known. We investigated how a history of elite level sports was associated with alcohol consumption in middle-age and with alcohol-related morbidity and mortality. Methods: The occurrence of alcohol-related diseases and deaths were followed using national registers from 1970 to 2008 among Finnish male former elite athletes (n = 2202) and matched controls (n = 1403) alive in 1970 (mean age = 45.1 yr). Hazard ratios were calculated by Cox proportional hazards model. In 1985, surviving participants questionnaire-reported their alcohol consumption and engagement in physical activity/ sports. Results: The risk of any alcohol-related diseases or deaths did not differ between former athletes and controls (hazard ratio = 0.93, 95% confidence interval [CI] = 0.73-1.20, P = 0.59), although the risk was higher among both combat sports athletes and weightlifters compared with endurance sports athletes, shooters or jumpers, and hurdlers (P G 0.05). In 1985, athletes consumed more alcohol (417 gImonth j1 , 95% CI = 386-447) compared with controls (397 gImonth j1 , 95% CI = 355-441) (P G 0.05). Consumption was lower among endurance sports athletes than among controls (P G 0.05). Team sports athletes consumed more alcohol (P G 0.05), especially beer (P G 0.01), compared with other athletes and controls. Athletes no longer engaged in leisure-time sports consumed more alcohol than those who continued to be physically active (P G 0.05). Conclusions: Overall, former athletes reported higher alcohol consumption than controls. There was no difference in alcohol-related morbidity, but the risk varied between different sports groups. Alcohol consumption after top sports career was greater if participation in leisure-time sports was discontinued.
T he excessive use of alcohol is harmful globally, and alcohol consumption is the world"s third largest risk factor for diseases (20, 39) . The increased mortality related to heavy alcohol consumption is associated with cirrhosis, pancreatitis, certain cancers, stroke, accidents, and external causes of deaths (8, 20) . Alcohol use is associated with an increasingly higher risk of sport injuries compared with other injuries (28) , especially among women (11) . Furthermore, studies have shown addictions, anxiety, depression, amnesia, and insomnia to be associated with heavy alcohol consumption (5, 6, 33) .
Some studies have emphasized sports participation as a possible protective factor against excessive alcohol and other substance use in young individuals (14, 22) , whereas many studies indicate that athletic participation is associated with more excessive alcohol consumption (9, 23, 25, 27, 28) and alcohol dependence (29) . Athletes have reported more binge drinking episodes than nonathletes (27) , and alcoholrelated problems are more common among college athletes than nonathletes (7, 27) . Unfortunately, many studies are only focused on drinking habits among college or university athletes (4, 7, 21, 23, 27, 29) . An essential limitation of these cross-sectional studies is that they cannot differentiate the longitudinal course of risky drinking among individuals with variable degrees of athletic participation (23) . Some studies have associated team sports athletes with higher levels of alcohol consumption compared with individual sports athletes (3, 29) , but there is no consistent evidence across different sports. Furthermore, team sports athletes seemed to have a higher mean score in the Alcohol Use Disorders Identification Test than those who took part in individual sports (29) .
Study on retirement from elite sports has recognized that sports career termination causes significant changes in an athlete"s personal and social life; in particular, high athletic identity has contributed to more problems in the adaptation process of retirement (1) . Senior year students, who ended their participation in intercollegiate athletics, consumed less alcohol than consistent athletes (4) . We know very little about how a history of competitive sports is related to later use of alcohol and occurrence of alcohol-related diseases.
Our study had three aims, the first of which was to examine how former competitive sports career was associated with the risk of alcohol-related diseases or deaths and with alcohol consumption among former athletes followed for several decades. Second, we compared the risk of alcohol-related diseases or deaths and alcohol consumption between different sports groups. Third, we studied how different factors, such as physical activity, engagement to competitive or leisure-time sports, and smoking status, were associated with alcohol consumption among former athletes after their active athletic career.
METHODS
Participants. An original cohort of former elite athletes (n = 2657) was formed by identifying men who had represented Finland between 1920 and 1965 at least once at the Olympic Games, European or World championships, or international contests between two or three countries (32) . A control cohort (n = 1712) was selected from Finnish men who at the age of 20 yr had been identified healthy in the medical inspection for enlisting in ordinary military service. The control cohort was formed by matching the same age groups and area of residence with the former elite athletes (32) .
Participants who had died before the register-based follow-up started in January 1, 1970, were excluded from this study. Thus, the final study population (n = 3605) consisted of 2202 former male athletes and 1403 matched control participants (Table 1 and Fig. 1 ). For this study, the former male athletes were classified according to sports and their specific physical loading types into the following groups: short and middle distance running (n = 202), endurance sports (n = 280, including long distance running and cross-country skiing), jumping and hurdling (n = 251, including high jump, pole vault, long jump, and triple jump), throwing and decathlon (n = 211, including javelin, discus, shot put, and hammer), weightlifting (n = 111), combat sports (n = 487, including wrestling and boxing), team sports (n = 488, including soccer, ice hockey, and basketball), and shooting (n = 171).
To adjust for occupational loading, the participants were classified into five occupational groups: executives, white collars, blue collars, unskilled workers, and farmers (10), according to the occupation in which they had practiced the longest (for classification see Table, Supplemental Digital Content 1, Socioeconomic status % [n] among former athletes and controls, http://links.lww.com/MSS/A793). This classification also reflects the socioeconomic status of the participants. The occupational group distribution of athletes differed from that of controls (P G 0.001, W 2 test). Occupational data were collected partly from the Central Population Registry of Finland and partly from questionnaires.
The register-based follow-up of hospitalizations started in January 1, 1970, and ended in December 31, 2008. Participants who had hospital admissions for alcohol-related diseases were identified from the National Hospital Discharge Register according to ICD codes (ICD-8, ICD-9, or ICD-10). Alcohol-related diseases, which were strongly related to alcohol use, were categorized into five main groups: mental and behavioral disorders due to alcohol use, alcohol dependence syndrome, alcoholic liver disease, alcoholic pancreatic diseases, and other alcohol-related diseases (for all details, see Table, Supplemental Digital Content 2, International Classification of Diseases [ICD] codes and main diagnostic categories, http://links.lww.com/MSS/A794). The primary diagnosis was used to determine the reason for hospitalization, and the secondary diagnoses were disregarded in the analysis. The overall correspondence in Finland between individual hospital discharge records and their written patient histories for different diagnoses has been reported to be 94.4% (16) . Participants who had an alcohol-related death were identified from the National Death Register of Statistics Questionnaire study 1985. In 1985, a postal questionnaire eliciting information on discontinuation of sports career, sociodemographic factors (including occupational loading), physical activity, and health-related lifestyle habits, such as alcohol consumption and smoking, was sent to the surviving cohort members (total n = 2528, athletes n = 1518, and controls n = 1010) (18) . The response rate was 90% (n = 1364) for athletes and 77% (n = 777) for controls. Former elite athletes (n = 1326) and controls (n = 755), who answered the alcohol-related questions, were included in the statistical analysis. In epidemiological research, those who are the heaviest alcohol users tend to have lower response rates to questionnaire studies. As hospital admission data covered all participants in this study, we were able to investigate such selection effects. The response rate was 52.5% (n = 137) among those participants alive in 1985 who had admissions to hospital at any time for any alcohol-related disease or death, and among this subgroup, the response rate was higher among former athletes 58.7% (n = 91) than among controls 43.4% (n = 46).
The volume of physical activity (METIhIwk -1 ) in 1985 was computed from the responses to three structured questions, using a previously validated method (37) . MET-hours per week was categorized into tertiles of physical activity: METhours per week e 6.0 (less active), 6.0 G MET-hours per week e 22.5 (moderate active) and MET-hours per week 9 22.5 (highly active). Engagement in competitive sports or leisure-time sports was dichotomized. The term ''discontinued sports'' means that the athlete had retired from competitive sports based on questions in the 1985 questionnaire (for more details, see the items given in Supplemental Digital Content 3, Alcoholrelated questions and sports career termination questions in the 1985 questionnaire, http://links.lww.com/MSS/A795).
Alcohol consumption was assessed by questions on beer, wine, and spirits consumption; blackouts; and heavy drinking occasions (HDO) (for the actual questions and response items, see Supplemental Digital Content 3, Alcohol-related questions and sports career termination questions in the 1985 questionnaire, http://links.lww.com/MSS/A795). Alcohol consumption based on quantity-frequency measures of beverage use was converted into grams of pure alcohol per month, as previously reported (31) . Responses formed three categories: abstainers and light (3 or fewer drinks per week), moderate (more than 3 but no more than 14 drinks per week), and heavy users (on average more than 2 drinks a day) (15) . The Substance Abuse and Mental Health Services Administration defines HDO as drinking five or more alcoholic drinks (960 g of pure alcohol) on a single occasion on at least 1 d in the past 30 d (35) . Responses formed two categories: no HDO and at least one HDO. Blackouts were defined by the frequency of alcohol-related loss of consciousness or temporary amnesia during the past 12 months (13). Three response categories were formed for analysis: no blackouts in the past year, one, or two or more.
The tobacco smoking status of the participants was classified into four categories from responses to a detailed smoking history: never smokers, ex-smokers, current smokers, or occasional smokers. Never smokers were men who had smoked no more than 5 to 10 packs of cigarettes (or equivalent of other tobacco product) throughout their lifetime. Ex-smokers were participants who have smoked greater than 100 cigarettes in their lifetime but have not smoked during the last month. Participants were classified as current smokers according to whether they were smoking daily or almost daily at the time. Occasional smokers were men who had smoked no more than two cigarettes in a week or last smoked 2-30 d ago (for more details see Table, Ethical approval. This study was conducted according to good clinical and scientific practice and the Declaration of Helsinki. All the participants gave informed consent by returning the questionnaires, which were accompanied by a cover letter explaining the purpose of the study.
Statistical analysis. The descriptive data are presented as the mean and SD or 95% confidence intervals (CI) if distributed normally; otherwise, the results are shown as the median and range. The differences in the distributions of the categorical variables were examined using cross-tabulations with the W 2 test. The follow-up of alcohol-related hospitalization started on January 1, 1970, and continued until the end of 2008, or until the date of hospitalization due to first alcohol-related disease, emigration, or date of death, whichever date came first. The event was based on the first recorded hospital episode of any alcohol-related disease or alcohol-related death (for more details see Table, A Cox proportional hazards model was used to calculate age-adjusted hazard ratio (HR) with their 95% CI for alcohol-related disease or death between former athletes and controls. Post hoc analysis, taking into account the number of comparisons, was used to compare statistical differences between specific sports groups. Participants still alive at the end of follow-up, and those who died of any other cause, were censored. The Cox regression assumptions were tested by using Schoenfeld residuals (phtest in Stata) and also by plotting.
The 1985 questionnaire data were analyzed using a nonparametric Kruskal-Wallis test and using the Dunn-Bonferroni approach for post hoc testing in pairwise comparisons for more than two groups (P G 0.05) because some of the variables were not normally distributed and variances were not equal. The Mann-Whitney U-test was used to compare differences between sports groups and controls (P G 0.05). Homogeneity of variances were assessed using the Levene test and normality using the Kolmogorov-Smirnov test (P G 0.05).
P values G0.05 were considered statistically significant. Statistical analyses were performed using the Statistical Package for the Social Sciences for Windows (version 22.0;
RESULTS
Altogether, 6.2% (n = 136) of former athletes and 7.1% (n = 99) of controls were admitted to hospital for any alcoholrelated disease during the 39-yr follow-up period. The most common reasons for admissions were mental and behavioral disorders due to alcohol use (athletes 2.4%, n = 53; controls 2.1%, n = 34), alcohol dependence syndrome (athletes 3.9%, n = 85; controls 4.5%, n = 72), and alcoholic liver disease (athletes 0.8%; n = 18; controls 0.7%, n = 10) ( Table 2 ). The median total number of days in hospital was 12.0 (range 1-1442) in all former athletes and 17.0 (1-1365) in controls. The mean age at the first admission of any alcohol-related disease was 57.2 yr (SD 14.7) for the former athletes and 51.5 yr (SD 13.0) for the controls.
The age-adjusted HR for admissions to hospital for any alcohol-related disease or death in former athletes was 0.93 (95% CI = 0.73-1.20, P = 0.59) compared with controls ( Fig. 2 ) (for more details see Table, Supplemental Digital Content 4, Smoking status % [n] among former athletes and controls, http://links.lww.com/MSS/A796). The result persisted after adjustment for SES. No statistically significant SES differences were observed between former athletes and controls, and SES was not a significant covariate in this Cox regression model (P = 0.26). Respectively, no statistically significant differences were observed between former athletes and controls in the analysis of different main diagnose groups separately.
In a secondary analysis, compared with weightlifters (the group with the highest risk) statistically significant HR for admissions to hospital for any alcohol-related disease or death was 0.42 (95% CI = 0.19-0.93) for endurance sports athletes, 0.39 (95% CI = 0.17-0.86) for jumpers and hurdles, and 0.32 (95% CI = 0.11-0.91) for shooters. Accordingly, compared with combat sports athletes, the HR was 0.46 (95% CI = 0.25-0.85) for endurance sports athletes, 0.42 (95% CI = 0.22-0.79) for jumpers and hurdles, and 0.35 (95% CI = 0.14-0.87) for shooters.
Furthermore, the risk of any alcohol-related disease or death was higher among those who did not respond to 1985 questionnaire study compared with respondents, both among all participants (HR = 2.34, 95% CI = 1.72-3.18, P G 0.001), among former athletes (HR = 1.74, 95% CI = 1.11-2.73, P = 0.016), and among controls (HR = 3.14, 95% CI = 2.02-4.87, P G 0.001).
Compared with controls, former athletes consumed significantly more beer (P G 0.01) and wine (P G 0.001), and their total alcohol consumption (gImonth j1 ) was significantly higher (P G 0.05). Furthermore, team sports athletes consumed significantly more alcohol (P G 0.05), especially beer (P G 0.01), and had significantly more HDO than controls (P G 0.001) ( Table 3) .
Total alcohol and beer consumption (gImonth j1 ) was higher in team sports athletes compared with all other sports groups (P G 0.05) (Fig. 3) . Accordingly, spirits consumption was significantly higher in team sports athletes compared with shooters (P G 0.01), endurance sports athletes (P G 0.01), jumpers and hurdles (P G 0.01), and throwers and decathlonists (P G 0.01). Wine consumption was significantly lower in both endurance sports athletes and combat sports athletes compared with jumpers and hurdles (P G 0.01), short and middle distance runners (P G 0.001), shooters (P G 0.001), and team sports athletes (P G 0.01).
Mean MET-hours per week in 1985 were significantly higher among former athletes than controls (P G 0.001). One sixth (16.0%, n = 200) of former athletes and 12.1% (n = 33) of controls participated in competitive sports in 1985 (P G 0.001) (for more details see Table, Supplemental Digital Content 6, Characteristic of participants who were responding alcoholrelated questions in 1985 questionnaire: overall physical activity [MET-hours per week], current engagement in competitive sports and smoking status, http://links.lww.com/MSS/A798). There was no significant difference in total alcohol consumption between competitive athletes and those athletes who had discontinued competitive sports but latter consumed significantly more beer (P G 0.05). Athletes who had discontinued competitive sports and after that were not engaged in leisuretime sports consumed more alcohol than those who were engaged in leisure-time sports or physical activities after active sports career (P G 0.05).
Former athletes smoked less than controls (P G 0.001). A total of 27.7% controls and 48.5% former athletes were never smokers; 60.8% endurance sports athletes and 55.7% throwers and decathlonists were never smokers. On the other hand, current smoking was more common in team sports and weightlifting than other sports (for more details see Tables,  Supplemental Digital questions in 1985 questionnaire: overall physical activity [METIhIwk -1 ], current engagement in competitive sports and smoking status, http://links.lww.com/MSS/A798). Alcohol consumption (gImonth j1 ) was the most common among current smokers, whereas never smokers used least alcohol. Current smokers consumed more alcohol than exsmokers and never smokers (P G 0.001) and occasional smokers (P = 0.029).
DISCUSSION
Principal findings. There was no significant difference in the risk of any alcohol-related disease or death between all former athletes and controls. However, the risk was higher among both combat sports athletes and weightlifters compared with endurance sports athletes, shooters or jumpers, and hurdlers. Former athletes consumed more alcohol than controls, but consumption was lower among endurance sports athletes than controls. Team sports athletes consumed significantly more alcohol, especially beer, compared with other athletes and controls. Athletes who were not engaged in leisure-time sports after their active sports career consumed more alcohol than those who were engaged in leisure-time sports or physical activities.
Strengths and limitations of our study. This longterm follow-up study revealed new information on the risk of alcohol-related diseases and alcohol consumption among former athletes. The use of the valid register data covering all participants was the strength of this study. Although there may be some variation of assigning alcohol-related diagnoses by physicians, this is unlikely to be related to a history of elite athleticism and, hence, not a source of bias. Self-reported data on health-related behaviors include known limitations. The self-reported smoking status has shown to be valid and reliable (36) . Although heavy alcohol users may underestimate their alcohol use (30) , self-report alcohol use data are generally *P G 0.05 for statistical differences between sports groups and controls by the Mann-Whitney U-test. **P G 0.01 for statistical differences between sports groups and controls by the Mann-Whitney U-test. ***P G 0.001 for statistical differences between sports groups and controls by the Mann-Whitney U-test. ****P G 0.001 for sports group differences in HDO by valid in ranking persons as light, moderate, or heavy users (26) . The response rate was lower among controls compared with former elite athletes. Although questionnaire response rates were lower in individuals with alcohol-related hospitalizations, the risk for bias in comparing the athlete group to nonathlete group was low. Also, the format of alcohol-related questions was optimal to avoid misclassification by study groups (for the actual questions and response items see Supplemental Digital Content 3, Alcohol-related questions and sports career termination questions in the 1985 questionnaire, http://links.lww. com/MSS/A795). Furthermore, former athletes are a selected group, and they competed at top level before 1965. We do not know exactly how well the results can be generalized to today"s elite athletes or athletes who had competed in lower level or nonathletes or women.
Comparisons with other studies. There is lack of studies focused on the risk of alcohol-related diseases or alcohol consumption among former athletes several decades after their peak sporting performance. However, our findings were consistent with other studies that have shown current athletes consumed more alcohol than nonathletes (9, 23, 25, 27, 28) , and alcohol consumption was more common among team sports athletes than other sports (3, 29) . Our study showed that combat and team sports athletes consumed alcohol most, whereas jumpers and hurdlers, shooters, and endurance sports athletes consumed less alcohol than other groups. Endurance athletes do not appear to engage in an excessive and risky alcohol use (11, 25) .
The same factors, especially personal and psychological factors, may be related to heavy drinking during and after an active athletic career. Furthermore, it has been observed that if an individual has a high athletic identity and their active sports career ends unexpectedly, adaptation to athletic retirement will be challenging (1), and it might predispose to alcohol-related problems. Presumably most alcohol-related risk factors, such as sociodemographic and familial factors, among the general population are also applicable to athletes (23) . There is limited evidence on why athletes use more alcohol than nonathletes (38, 40) , but there are some motivational factors behind athletes and their reasons for engaging in risky alcohol consumption behaviors (24) . Sports-induced anxiety or pressure, competitive nature of athletes, peer-or teammate-induced influence, and cultural relations between athletes and alcohol might be related to risky alcohol consumption (7, 23) . Furthermore, it is generally known that alcohol, especially beer, distributors support sports and commercials for alcohol are commonly used (23) . Some personality traits, such as histrionism, antisocial behavior may associate with higher alcohol consumption and alcohol dependence (12), but there is no consistent evidence. Studies have suggested that team sports athletes are more extraverted and neurotic than endurance sports athletes (2), whereas contact sports athletes have got high scores in the antisocial and histrionic scales (34) .
Although overall former athletes reported higher alcohol consumption than controls in our study, the risk of alcohol-related diseases was not increased in the former athletes group. The response rates of those participants, who had alcohol-related diseases, were lower among controls than athletes, and heavy alcohol users underestimate their alcohol use (30) . It may be that former athletes are more receptive to medical advice and reduce alcohol consumption at the first signs of harmful consumption and therefore are hospitalized less often; studies on alcohol-related disease biomarkers would be needed. Furthermore, it could be speculated, whether physical activity protects against some of the harmful consequences of alcohol consumption, such as abdominal adiposity and liver fat accumulation (19) .
Finally, it seems that engagement to sports does not become replaced with either binge drinking or alcohol dependence among former athletes after an active sports career. Former athletes" overall better health habits (such as less tobacco use) and the directly or indirectly subsequent biological factors are likely to explain our observation that there was no difference in the risk of alcohol-related diseases among former elite athletes compared with controls. This was found despite the greater alcohol use among former elite athletes than among controls.
Future directions. There is lack of studies focused on assessing the effect of interventions implemented in sports settings on the alcohol use and alcohol-related harms (17) . A deeper understanding of the relationships between alcohol consumption and risk of alcohol-related diseases and sports is necessary to determine the true consequences of alcohol on health and well-being in athletes. Models should be developed how to avoid an excessive alcohol consumption among risk sports during career termination.
CONCLUSIONS
Former athletes reported higher alcohol consumption than controls, but there was no difference in the risk of alcoholrelated diseases or deaths between former athletes and controls. The risk varied between different sports groups being highest in combat sports athletes and weightlifters. Total alcohol and HDO seemed to be significantly more common in team sports than other sports. It is important to notice that the risk of excessive alcohol consumption may increase in individuals, who do not continue leisure-time sports after elite level sports career termination. Finally, current and exsmokers consumed more alcohol than nonsmokers.
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